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derivative with respect to Xj 
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denote the 


Generalized theorem 0 Yy(x) is a9 extremal of 
the functional 
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(3') I(y) = ( etesrert 
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andi if the matrix ; 
(1.4) lFviyzl (i,k = 1, 2y00+9) 
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SUBKITTED: 


has the rank M in a point x = a &(x4sX5)5 then there exists ar 


integer ¥, OS Vsgn-~» so that in a certain neighbcrhood of x=a 
(A +V) fanetions y, (x x) have continuous aacond derivatives. 


The author considers certain specific properties cf degenerated 
variation problems. He proposes a method for the determination of 
the system of equations and the boundary conditions which have to 
be satisfied by the axtremal in the degenerated variation neoureme 
An example is given. The author mentions GoM.Fikhtengol'ts and 
thanks §.¥.Vallander for his interest in the present paper. 

There are 4 references, 2 of which are Soviet, and 2 American. 
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Nauk 1952, no. 8, 105-109 (1952). (Russian) 

per consists of some purely formal deductions 
hincev's theory of extended particles [vestnik} . 

| Moskov. Univ. 1948, no. 1, 83-91; these Rev. 10, 345]. The}: 

coses for the {smearing function”, which gives} 

the shape of the extended charge, the special form: : 


aw f| —~| (ibex)d 
ae) os J | ——— J exp (th -x)oak, 
er bee are 
where &s is a constant defining the reciprocal radius” off. 
the charge. With this choice, the electromagnetic potentials 
A, are given in terms of the source-density ja by the fourth- 


order wave-cquation 

~oa —keo tT) An= —48 Ie 
The potentials of the Bopp-Podolsky Eo awaaett: 
Bopp, Ann. Physik (5) 38, 345-384 (1940); these Rev. 2, 
3361 satisfy the same equation. However, the author points | 
out that the two theories are not equivalent, and in par-; 
ticular the finite self-energies of a charged - particle are }. 
different in the two thcorics. F. J. Dyson. 3 

o theories. aman 
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Author Gurevich, A. Vv. 
Title elon of fields satisfying equations with higher derivatives. I. 


ak, 149-166, Feb 1952 


ms in the quantum theory of wave fields that 
er derivatives. Carries out canonic quanti- 
quations Py (a) = 4x8, where Py x) 
9 references, q{ncluding 
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Abstract 
4s an arbitrary 
foreign. 


Moscow State University 
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September 12, 1952 
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On the Breakdown of Superconductivity of Films in a ag : 
Title: 3 
tedical: Zh. ekeper- 4 teoret. fiziki, 1954, 27, 
Original Pericdschls . 


tic 
films by & magne 
tion of breakdown of superconducti vi ty oe ae and L. D. Landau 
Abstract: ieee within the valet of es a tteoret. fiziki, 1950, 20, 
field is inves © onductivity (Zh. eksper- reviously obtaine 
generalized sare Se eater of fe were obtained ieee ng films. The dis- 
106! ). Gorracti one critical magnetic field Hi cage py N. V. Zavaritekly 
expressions ie) + and theory, obtain 
tween experiment eliminated. 
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QUREVICH, Ae¥e 
Flectron velocity distribution functions in an alternating eleeric 
agnetic field. Dokl Aw sssR 104 no.2:201-204 5 955. 
(WLRA 9:2) 


and & constant &# 
1Nauchno-iseledovatel !skly {netitut semnogo magnet isma. Predstavleno 


akadenikon LD Landau. 
(Blectric discharge® through gases) 
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ussk / Radiophysics. Radio-Waves Rropagation 


: Ref Zhur - Fizika, No 5, 1957, No 12530 


Abs Jour 
Author : Gurevich, A.V. 
ee ae 
Inst 2: Not given 
Title : Concerning the Problem of Propagation of Strong Eleotro- 
magnetics Waves in a Plasma, 
Orig Pub : Radiotekhn, i elektronilm, 1956, 1, No 6, 704~719 
Abstract 3A theoretical investigation was made of the effect of "“self= 
aotion” upon propagation of strong electromagnetic waves in 
a plasma, the self-action is connected with the fact that, 
under the influence of a strong alternating field B, the fre~ 
quenoy « changes the velocity distribution of the electrons, 
and consequently there 4s a ohange also in the value of the 
Card : 1/3 
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Author : Gurexich: ALY. 

Inst : giontific Resoarch Insti tute for mprrestriel Was 
Concerning the Effect of Radi owaves on the provertic 
(Lonosphere/. 
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grig Pub 3 Zh. eksperin 4 tecr. fiziki, 1956, 59, no 6, LLige-bit 


Abstract 3 The author jnvesti cates tne problem of tne dislectrio eons tant 


and conductivity of magnetoastive plasma of ‘the tonosphere ty7 

pe, gupjected t & strons alternating elactric field of fren 
quencys'- A method is given tor calculatine the distri oution 
function of the glectrons bY velocities (wi th allowance 2 eniy 
the elastic collisions of glectrons with the molecuLes arid jons)3 
the mothod gonsists of expanding rhe solutions of the rinetic 
equation jn powers of » small parameters fu (for yapidly varying 
is the fraction of the energy lost by the elec- 
jon, and Yy is tae effective number of collisions. 
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cUREVICH, A-V >: 56-5-39/59 
A Simplification of the Equations for the Funetion of tne pistri- 
pution of blectrons in a Plasma. 
(uproshchenty® uravnenly dlya funktsil raspredelentye elektronov 
vy plaane -Russian 
ghurnal Ekg perin.d waoret Biaikds 1990010" 42,Hr DP! 1257 4238(USSB) 


toa 


Starting out fre the Boltzmann's kinetic equation, D.1-Davydov Barn" 
eksp-i teor.fis-,Vol T,p-1069 (1937) demived an approximate syateo 
of equations far the fuyetic < 

> a hd 

Ee) = Eo(tavst) +o £4( vst) +L (Er¥*) of electrons in 4 


plasma situated in an electrical and in @ magnetic field.This system 
of equations is contained in the paper under review,and the guanti- 
ties occurring in this system are cxplained-tn this context, the pa- 
per under review shows that it is possible bo simplity this system 
of equations -For this purpose, the author of the present paper first 
of all jnvestigates the case of a piesa that is nono senous with re- 
apect to timne.in this case the gynnetrical part of the distribution 
function of the electrons (fo) can change substantially only during 
a time span of the order of mazgnituce of 1/60 5 pacause? g/t Sd¥fo: 
In this contents Y av (v) denotes the frequency of the collisions of 
an electron aith the molecules oF tons At the same time, the (direc- 
ted) current part 14 of the qistiribation gunct ion undergoes, 3 con- 
sicerasle chan é during 4 time of the order of, magnitude 4/0 ,be- 
cause 9 f, Le Taictivd £4 changes much fasteT 
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A Simplification of the Bqiavions for the Functics 5f  56-5~-39/55 
the Distrioution of Electrons in a Plasme- 


than £5 98 time progresses ,Taerefore 4t is possible at the inte- 

gration of the above-mentioned systen of @ uations to neglect the 

dependence of the function fg upon t. The thus obtained solution 
is correct with an necuLracy of,at nob, dnueluding the terng of the 
order of magnitude S,i.e.with the sane accuracy as the sygten of equ- 
ations mentioned in the beginning of this paper.Then the paper un- 
der review proceeds to deal with the problem of determining the di- 
stributicn function of the electrons of the one of the two enuations 
of the systes of equations nentioned above .The fornulae for the spe- 
cial case of a plasma homogeneous with respect to time,and for the 
special case of a plasma jnhomogeneous with respect to time are gi- 
ven.in @& Maxwell's yelocity distribution of the electrons,the ¢Guen 
tions for the Zistribution function are reduced to the system of 
equations for the tenperature Te and the density n of the elec- 
trons . 
(No reproduction) » 
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auTHoR: Gurevich, A.V. gov/ 14l-1-5-6-3/ 26 
TITLE: on th Theory of the Cross-modulation of Radiowaves 


PERLODICAL: Izvestiya vysshilh uchebnykh zavedenly;: Radiofizika, 
1958, Vol 1; Nr 5-6, PP 17 - 28 (USSR) 


ABSTRACT: First, the depth of cross-modulation yp! in the presence 

of a strong perturbing wave is considered. It is assumed 

that at the boundary of the plasma, the perturbing wave ifs 
expressed py: 


E, = E, (4 +. pcos tt) cos wt (1) - 
When the wave propagates jn the plasma, the effective 
temperature of the electrons varies periodically and the 


absorption of the second wave, Bo » i8 changed. This 


results in the modulation of E, at the frequency On. 
The depth of cross-modulation of Ey over & distance az 
can be expressed py Eq (at). The final expression for the 


depth of the aasp-modulation p! is, therefore, given by 
Cardal/5 


E 
/ / 


"APPROVED FOR RELEASE: 03/20/2001 


awdts tat bob tee Se PSS pe eats, 
= tacts fe “i: 


ISTE 


een See a CIA-RDP86-00513R000617410013-8 


0659 
sov/141-1-5-6-3/28 
On the Theory of the Cross-modulation of Radiowaves 


Eq (3); where wy is expressed by the second equation on 


p 20, while ~~ is defined by Eq (3'). The remaining 
symbols are as follows: N is the electron density, 

is the refractory index for E, . a is the electron 
collision frequency in the unperturbed plasma, T is the 
plasma temperature and k is the Boltzman constant. 

Eq (3) can be used to determine pi asa function of the 
amplitude of the perturbing wave (at the boundary of the 
plasma) .- The results are shown in Figure 1, where the 
relative cross-modulation depth f i8 plotted as 4 
function of the amplitude of the perturbing field. When 
the perturbing field is comparatively small, Eq (3) can 

be written as Eq (4). The results obtained from Eq ( 

are also plotted in Figures 1 (®dashed" curves). The 
dependence of po on the power p of the perturbing 
station is illustrated in Figure 2. In order to investigate 
the increase of the cross-modulation at the gyro-frequency, 


it is sufficient to take into account the interaction of 
Card2/5 
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On the Theory of the Cross-modulation of Radiowaves 
the extraordinary perturbing wave; the ordinary wave 
produces a negligible cross-modulation. and does not 
lead to any resonant effects. If the perturbing wave 
is comparatively weak and the frequency of Es, is 


higher than Vo: the ercss-modulation can be determined 


from (Ya- L- Altpert et al - Ref 7): 


of ws ee" (s) 

toe _ — end 6) 
? % ds Leoro eae a : ds (6) ; 
& Vo . 3mkT6(o + y. ) 


where AV is the amplitude of the periodic perturbation 
of the collision frequencies, % is the absorption 
coefficient for Ep: of = 0) Uns E(s) is the 
amplitude of the perturbing wave at a point 5 ; 

On is the gyro-frequencys Since the total absorption 


Card3/5 of Epo in the ionosphere is given by Eq (7), the cross~ 
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modulation can be expressed as Eq (8). The parameter KD 
in Eq (8) denotes the absorption of the perturbing wave 
up to the reflection point of the wave Ey , while the 
expression for £(K}) is given by Ba (8:). The function 
£(Kj) is plotted in Figure 3 for various values of ne 


From Eq (8) it follows that pt depends but little on 
the frequency of the perturbing wave, provided that the 
wave is strongly absorbed in the interaction region. The 
dependence of pi on > in the vicinity of Oy? is 


illustrated in Figure 5a; the curves are evaluated for 
the case when the frequency of Ey is compratively low. 


The phase of the cross-modulation for RS bv, is 


given by the penultimate equation on p 27. Similarly, 
the case of the phase for <1. >> bv, is expressed by 


the last equation on Pp 27. These formulae were used to 
Card /5 
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determine the relative phase and the results are plotted 
jin Figure 6. The author makes acknowledgment to 

V.L. Ginzburg for his interest in this work. There.are 
6 figures and 22 references, of which 15 are English and 


7 Soviets. per 2 ae 
ASSOCIATION: Fizicheskiy institut imeni P.N. Labedeva AN SSSR 
(Physics Institute im. P.N. Lebedev of the Ac.Sc.USSR) 


SUBMITTED: June 20, 1957 to Radiotekhnika i elektronika, then 


to tha oditor of this journal on 
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SOV/141-58-4-2/ 26 
AUTHOR: qurevich, A.V. 
TITLE: On ‘the Change “modulation of Strong Radio Waves in a 


Plasma (Ionosphere) (0b izgmenenii modulyatsii gil'nykh 
radiovoln v plazme (ionosfere)) 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
1958, Nr 4h, pp 21-31 (USSR) 


ABSTRACT: The first part of this work was published earlier (Ref 1). 
The propagation of strong radio waves in a plasma is 
considered in an approximation which corresponds to the 

geometrical optics approximation in the usual theory. 
[It is shown that the frequency spectrum of the modulated 
incident wave is distorted. These distortions are small, 
provided w>p od, where 6 is the mean fraction of energy 
lost by electrons per collision and ¥ is the frequency 
of collisions. In this case the amplitude of the 
harmonics i8 small compared with the amplitude of the 
fundamental wave. In the E-layer of the ionosphere the 
condition wry OV is well obeyed for radio waves whose 
frequency is greater than 1 kc/s, while in the D-layer 
the frequencies must be greater than 50 kc/s- For the 
Card 1/4 F-layer this lower frequency limit is 1 c/s while in the 
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On the Change of Modulation of Strong Radio Waves in a Plasma 
(Ionosphere) 


solar corona jit is O01 c/s. The absorption of a strong 
wave in the plasma may be quite different from absorption 
of a weak waves For very strong radio waves whose 
amplitude is much greater than the "plasma field" 

(Eo} En) the usual concept of absorption loses its 

meaning altogether. For such waves two effects can take 
place. They either freely pass through the plasma without 
experiencing any absorption (independently of the degree of 
absorption experienced by 4 weak wave of-the same 


the latter case the wave always becomes weak after passage 
through a plasma layer and amplitude of the resultant 
weak wave is determined only by the plasma field and does 
not depend on the amplitude of the incident wave). The 
first case oceurs for nigh-frequency waves when wyp Vv in 
a strongly jonised plasma and for low-frequency waves 
when wo <<¥ in a weakly jonised plasma. The second effect 
, occurs for w))V in a weakly ionised plasma. Non-linear 
card 2/4 - properties of the jonosphere are most pronounced in the 
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On the Change of Modulation of Stron 


(Ionosphere 

part of the E-layer for waves whose frequency is 
for waves with woz 500-1000 kW 
not in fact realised since 
der as En- 
nt changes in the absorption 


lower 
ft < 500 ke/s- However » 
the above limiting cases are 


of such waves 4 special coe 
earlier (Ref 1), to describe changes in the amplitude. 


Table 1 gives the values of this coefficient for 
different frequencies and powers. Analysis of these 
data shows that, for example, when 4 transmitter working 
on 500 ke/s alters its power from 1000 to 5000 kW the 
amplitude of the wave reflected from the ionosphere 
increases by & factor of 1.44, while in the case of a 
weak wave such an increase in the amplitude could be 
obtained by increasing the power by a factor of only 
2 and not 5- The phase of the wave is not affected very 
much. Phase changes are most pronounced fo 
frequency is nearly equal to the effective electron 
collision frequency: It is shown that the modulation 
card 3/4 amplitude of the wave can change very considerably. 
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On the Change of Modulation of Strong Radio Waves in a Plasma 
(Ionosphere) 


If Eg7yPEn the wave is either completely demodulated on 
passing through a plasma layer or the depth of its 
modulation is increased. The first case occurs ina 
weakly ionised plasma for high-frequency waves and the 
second for low-frequency waves. The changes in the 
modulation depth occur only at low modulation 
frequencies (€6\); at higher frequencies the} are 
negligible. An.estimate is also made of the phase 
modulation of strong waves in a plasma. There are 

8&8 figures, 1 table and 13 references, 6 of which are 
Soviet, 4 Italian and 3 English. 
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exp erie 


Tage as ES RS 7 Vv 
TITLE: Th Effect of an Electric Field,ion the Electron Velocity 
Distribution in Molecular Plasm ,\(Tonospher e) 


PERIODICAL: Izvestiya vysshikh uchebnykh gavedeniy 5 Radiofizika, 
1959, Vol 2, Nr 3, PP 355 ~- 369 (USSR) 


ABSTRACT: In molecular gases such as hydrogen, oxygen and nitrogen, 

inelastic collisions predominate already at energies of 

0.01 eV (ive. at room temperature) > Moreover, there is 
not enough information at the present time on inelastic 
cross-sections for collisions between slow electrons and 
molecules (Ref 2) and hence the problem of the electron- 
velocity distribution in molecular plasma has not been 
solved. The mean electron energy and the current in 
molecular plasma are usually calculated with the aid of 
a simplified kinetic theory in which the velocity distri- 
bution of the plasma electrons is not taken into account. 
It follows that the results obtained are only approximate 
and the problem arises of how approximate these results 
actually are. The problem can only be solved by rigorow 


s 
i f the kinetic theory. This is done in th K 
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SOV/141-2-3=3/26 | a at 
The Effect of an Electric Field on the Electron Velocity Distribution 


in Molecular Plasma (Ionosphere) 


theory and experiment is shown to be good. A similar 
calculation is carried out for the case of a low degree 

of ionization and the average energy loss is calculated 
for hydrogen, oxygen, nitrogen and air. The result is 
shown in Figure 2- The final section is concerned with 
the accuracy of the formulae obtained with the aid of the 
simplified kinetic theory and the limits of their applica- 
bility. It is shown that in the case of hydrogen, oxygen, 
nitrogen and air the simplified kinetic theory may be used 
for low electron energies without an appreciable error in 
order to aliculate the mean electron energy and current. 
Kinetic corrections become important at low frequencies, 
i.e. frequencies smalle’ than the effective collision 
frequency. Acknowledgment is made to V.L. Ginzburg for 
his interest in this work. 

There are 5 figures and 18 references, 9 of which are 
Soviet (1 is a translation from English), 1 German, to 


Sosy 2 international and 6 English. 
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SOV/56-36-2-47/63 
Gurevich, A. V. 
NL TON er 


The Unsteadiness und the Hysteresis of the Electron Temperature 
in a Plasma in Inert Gases (Nestatsionarnost' i gisterezis 
elektronnoy temperatury v plazme v inertnykh gazakh) 


Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, 
Yol 36, Nr 2, pp 624-626 (USSR) 


In one of his previous papers (Ref 1), the author discussed 
some special features of the heating of an electron gas in a 
heavily ionized plasma. These features are caused by the fact 
that the frequency of the collisions of the electrons with the 
ions sharply decreases if the electron velocity increases. 
Analogous effects occur also in a weakly ionized plasma; 4t iy 
only necessary that the collision frequency of the electron 
sufficiently sharply decreases with the increase of electron 


velocity: Vv ~vy7" where a 9 1. This condition is not satisfied 
in the general case since the frequency of the electron-molecule 
collisions usually increases with increesing v. Also the in- 
verse dependence is, however, possible. This occurs, for exan- 
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ple, in the heavy inert gases argon, crypton, xenon at low 


electron velocities vS5- 10! cm/sec (Ramsauer (Ramzauer) ef- 
fect). For a weakly ionized plasma, the steady electron tempera- 
ture qT, is calculated in the same manner as for a highly ionized. 


plasma and the found dependence of ty on the field strength of 


the electric field in erypton (at 27°C) is given in a figure. 
According to this figure, the weakly heated state of the electren 
gas besomes insteady at a certain value of the field strength 

(as in the case of a highly ionized plasma). In the case in- 
vestigated in the present paper, however, there is also a second 
stable state at high electron temperatures; it is caused by the 
increase of the frequency of the collisions of the electron with 


the crypton atoms at high velocities (v>5.- 10! em/sec). The 
eritical values of the field strength for transitions from the 
first into the second state and inversely are only slightly 
different. The hysteresis loop, therefore, includes only 4 
Card 2/3 small area. The electron temperature veries 3 times in these 
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The calculations discussed in this paper are 
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distribution. There are 1 figure and 4 references, 


are Soviet. 
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account, the integral of the collisions 8.0 of the electrons is 


set up in the following manner: 
f 
4123,2 Gn 
S.e(forfo) 7 “¥2 Vv ¢ Yee A, (fo )oy + tte) 


Veo denotes the collision frequency of the electrons (explicitly 
» and also the coefficients A, and 
a parameter Pp» which 


electrons upon , 


written down in formula (1')) 


Ay are explicitly given. In the following, 


characterizes the influence of collisions among 
soneMy [2 tet 
the distribution function, is defined: p = 7) ln 3.172 ty 
le e-N 
e 


N, and qs denote the density and ten- 


~ - the temperature of the heavy par- 
t electric fields E, the distribution 


e ig the electron chargé, 


perature of the electrons, 
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Velocity Distribution in Gases and in Semiconductors in 
the Blectric Pield 


‘may in first approximation Cyn be given by formula (3). For 


high u-values (u = nv’ /2kT,) \" actually coincides with f. ‘s 


and for not too high p-values the diatribution may approximate- 
ly be represented by 

2 

2 

f, = 0 exp Pal me 20H) ats + 25} 
In a diagram the figure shows the dependence of in(t(") fe) on Uv 
for various p-values. For high p-values the curve approaches 
Maxwell's straight line, and for p = 0.1 it practically coin- 
cides with Druyvestein's parabola (Ref 8). The author finally 
thanks V. L. Ginzburg, L. y. Keldysh and L. H. Kovrizhnykh for 
discussions, and L. V. Pariyskaya for carrying out numerical 


computations. There are 1 figure and 8 references, 4 of which 
are Soviet. 
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AUTHOR: Gurevich, A.V» 


TITLE: 


Perturbances in the ionosphere caused by 4 Moving 
body 
Avtomatika i radioelektronika, 
469 (Tr. iIn-ta zemn. 
radiovoin. AN SSSR, 


PERIODICAL: Referativnyy zhurna. 
no. 8, 1961, 68, abstract 8 1 
jonosfery tL rasprostr. 


magn. 
17-427) 173-186) 


1960, no. 
the Lonosphere, the rockets and 
turbances by changing in the vicin- 
jon or electron concentration, 


ity of their surface © 

the electric £1 It may be possible that the 

above perturbances account for the experimentally observed strong 
dispersion of radiow itted from earth in the vicinity of 

a satellite. The motion of bodies in upper tonosphere Layers is x 
characterized by two peculiar effects. The motion is inside a 
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strongly rarified gas, with lengths of particle trajectories much 
exceeding the dimensions of the body. Thus a correction must be 
introduced into the kinetic theory accounting for the new gas struc- 
ture which has to be taken as an aggregate of independent molecules. 
On the other hand, since the motion is inside an jonized gas-plasma, 
it is necessary to take into account the iuteraction between the 
body and clectrons and ions. This leads to a difference in the ion 
and electron perturbances, the upsetting of the quasi-Line arity of 
plasma and appearance of an electric field, The changes in the X 
concentration of ueutral particles in the vicinity of the moving 
body have been evaluated by the methods of the generalized kinetic 
theory of gases, using the kinetic equation in a differential form. 
The problem has also been solved of concentrating electrons and 
ions, and the magnitude of the electric field has been determined. 
In conclusion the problem is analyzed of the possibility of excita- 
tion of longitudinal waves in plasma by the stream of ions reflect- 


ed from the body. In the solution of the above problems the assunp- 


tion is made that the following relationship is satisfied 
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Perturbances in the Lonosphere..., D201/0304 
aN a 
V ™? ; 
where k - Boltzmann's constant, T - absolute temperature in K; 
Mo ~ molecule mass; m - electron mass; v, - the velocity of body in 
the ionosphere «10 km/sec. Gases when Yoe KI (order of 1 Ian/ 
Ss M 
sec), are not considered, In front of bodies a region of concentra- 
tion of molecules is obtained, The relative increase in density is 
L.02-2, In the wake of the body there is a corresponding region 
with decreased relative density equal to 0 in the vicinity of the_ 
bedy, and increasing to 0.9 at a distance equal to 24,5 body radil. 
Abstracter's note: Complete translation _/ 
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9, 9130 §/056/60/038/005/036/050 
24.2330 B006/B063 

AUTHOR: Gurevich, A. V; 

TITLE: The Problem of the Amount of Accelerated Particles in an 


Ionized Gas Under Various Accelerating Mechanisms 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vole 38, No. 5, pp. 1597-1607 


TEXT: As a contribution to investigations on the origin of cosmic rays 

and solar corpuscular radiation, the present paper describes an analysis 

of accelerating mechanisms in ionized gas. The author first considers 
Fermi'’s statistical accelerating mechanism, in which the ion energy grows 
on account of collisions with clouds of charged particles. If the mean free 
path L of the ion between two collisions is constant and independent of the 
ion energy € , the ion receives the energy 2/3Mve, in each collision 


(M - ion mass, Yo, 7 mean velocity of the cloud). A comparison between the 


energy obtained and the energy transferred by interaction with other ions 
gives the relation €<€,, = ay (k2)9/2/2 YP vas! 2 for the condition 


that the ion energy tends toward a steady value. If E> €,15 it grows 
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Meohanisms 
continuously in time. Ean is usually designated as injection energy> If 
Con ~ kT, all particles are accelerated simultaneously. If Ein? kT, only 


i 
the (small) part is accelerated at first, whose energy ia sufficiently high 
(e > €,,> tT) This is the so-called weak mechanism which is studied in 


this work. If E7€,, the particle energy grows jn time, and during At 
about An ~ DAtN(E,)) particles leave the equilibrium region. n(é,.) denotes 
the number of particles having an energy between Ean - kT and Esnt In the 
case of Maxwellian distribution, AN~ vAtN exp (~€;,/KT) + ( p(e) denotes the 


collision frequency}; y(e) = ¥ (xn /é)? 2), It is found that the character of 
the velocity distribution in She range E€~ Ean is changed by the weak ac- 


celeration mechanism to such an extent that these relations are unsuited for 
estimating the number of particles leaving the region. (These particles are 
called "accelerated particles"). The amount of accelerated particles is one 
of the principal characteristics of the weak mechanism. The determination Xx 
of the flux of these acoelerated particles as & function of the parameters 
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involved was the principal aim of the author's investigations, First, he 

gives some relations for. a system of similar particles being in Coulomb 
interaction and which are influenced by the weak statistical accelerating 
mechanism. These relations include the equation of motion whose steady~state 
solution is treated in the following section of the present paper. Further- 

more, the author comsiders the stabilized quasisteady solution, and derives 

& general solution for the flux of the accelerated particles. The distribu- 

tion function is also given in a general form. Finally, the author special- 

izes the flux formula for ion acceleration in a plasma by Fermi's statisti- e 
cal accelerating mechanism and obtains formula (24). If vo1.i8 independent Xx 
of the parameters of the plasma, the flux drops exportentistly with increag-~ 

ing plasma density and increases with the temperature of the plasma. The 

flux of the accelerated ions increases also rapidly with an increase in the 

ion mass. The author thanks V. L. Ginzburg for his interest in this work, 

and S. I. Syrovatskiy for his valuable advice. There are 1 table and 2 

non-Soviet references. 
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AUTHOR: Gurevich, A. V. 
ern EL 
TITLE: Theory of the Effect of the Runaway Electrons 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No. 5(11), pp- 1296-1307 


TEXT: In a plasma the collision frequency of an electron with an ion and 

other electrons decreases rapidly with increasing velocity, and, therefore, / 

the friction of the electrons with a sufficiently high energy is 

negligibly small. If the plasma is in a constant electrical field, the ’ 

velocity of these electrons called "runaway electrons" will increase con- 

tinuously with time. Very strong fields will accelerate all electrons and 

they all enter the category of the "runaway electrons™, but in a weak 

field this wtll hold only for such with VV itt In weak fields 

Veet? ‘therm 
it is necessary to know the distribution of velocity of the electrons at 

in Mork f this calculation being a very complicated problem if the 


of the electrons in the plasma. In order to determine Vivi 


erit’? 
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Pheory of the Effect of the Runaway Electrons /056/60/039/005/019/051 
BO006/B077 
: collisions are taken into account. The aim of the present paper was to 


examine the effect of a relatively weak field upon the distribution of 
velocity of the electrons in a plasma at high velocities. The authors 
derive and analyze expressions for the steady distribution function and 
the flow of the "runaway electrons" in a completely ionized plasma. The 
plasma is assumed to be unbounded and completely ionized, the electron 

. "velocity to be vofkt,/m, and the ? -field to be homogeneous and constant. 


For the case of a weakly ionized plasma the effect of the neutral particles 
upon the flow of the "runaway electrons" is examined and an analysis of 
the degree of ionization performed. The instabilities arising in a 
spatially homogeneous plasma are also studied. It is shown that under 
certain conditions plasma instabilities may occur during the development 
of the discharge due to the runaway electron flux. The results obtained 

; agree in quality with experimental results. The author thanks V.L.Ginzburg 

and V. P. Silin for discussions. L. M. Kovrizhnykh is mentioned. There are 

141 references: 8 Soviet and 3 US. 
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fTTLE: Nonlinear Phenomena in a Saas “anton Is Located in a Variable 


Electromagnetic Field y\ 
PERIODICAL: Uspekhi figzicheskikh nauk, 1960, Vol 70, Ur 2, pp 201-246 (USSR) 


ABSTRACT: The present paper is the first part of a very detailed survey 
of the theory of nonlinear phenomena in an ionized gas. This 

article will be published simultaneously in the periodical 
“Fortschritte der Physik" of Rastern Germany. The nonlineari- 
ties occurring partly because of the relatively great electron 
free path and partly because of the considerable difference 
between electron mass and atomic- and molecular nasses already 
at comparatively low field strengths (e.g. if the polarization 
and the conduction current are not proportional to the field E, 
the propagation of electromagnetic waves must te described by 
a nonlinear theory, as the superposition principle, for example, 
no longer holds), are systematically dealt with with reference 
to voluminous publications. In the first two paragraphs of the 
present article, the influence exerted by a homogeneous electric 
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a in a Plasma Which Is Located g /053 /60/070/02/004/016 


Nonlinear Phenomen 
in a Variable Electromagnetic Field B006 /B007 
E -z.* upon & non-relativisti and non-degenerate (classi- 


cal) plasma which may be ee in a homogeneous and constant 
(external )magnetic field H, is investigated. Macroscopic 


(hydrodynamic ) motions in the plasma are not dealt with. The 
influence of the field upon the plasma in this case leads to 

a change in the velocity-distribution function of, thg plasma 
electrons, which is set up 48 4 function of W, Bo? H and 
ters. The distribution function of the 
heavy particles may in this case be considered to be a Maxwell 
temperature function, which is justifiable in the steady case 
under investigation. If the electron velocity distribution is 
known, their kinetic eneréy (their temperature T ) and the 
total current density + may be determined. In weak fields 


1 to that of the heavy particles; 
deals with the elemen- 


of the plasma parame 


electron temperature is equa 
and 3,28 proportional to Ee Paragraph 1 


tary theory of the plasma in a homogeneous electric field 
(electron current; dielectric constant and prasma conductivity; 
card 2/4 electron temperature). In paragraph 2 the kinetic theory of a 
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plasma in 4 homogeneous electric field, i.¢@- the description 
of the electron g88 by means of distribution functions £(¥,r9t) 
ig dealt with. Individual sections deal with the following: 

The kinetic equation; the transformation of the collision 
integral; elastic collisions with neutral particles (molecules) ; 
inelastic collisions with neutral particles; collisions with 
jons; collisions of electrons with one another; the solution 

of the equation of motion for 4 highly jonized plasma; the 
(Maxwellian) distribution function; the effective number of 
collisions; the relative portion of transferred energy ore 
(table 4 gives the Sugg valves for electron temperatures of 
between 500 and 45000° for helium, hydrogen, oxygen, nitrogen, 
and air; eff equals avast up to electron temperatures of 


~1 ev, after which it increase? exponentially with Tee )5 elec- 


tron current, dielectric constant and conductivity of the plasma; 
electron temperature; the weakly jonized plasma: elastic col- 
lisions; the molecular plasma; inert gases; the electron cur@- 
card 3/4 rent and the mean energy of the electrons; the elementary ener’ 


Ya 
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for an arbitrary degree of ionization; transition from the 
highly- to the weakly ionized plasma; and the conditions for 

the applicability of the elementary theory (by comparison 

with the kinetic theory these conditions are mathematically 
formulated for highly and weakly ionized plasma). There are 

8 figures, 2 tables, and 68 references, 35 of which are ey 
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AUTHORS: Ginzburg, Ve bes Gurevich, AsVs $/053 60/070/03/001/007 
ee rene ; 
ene 006 pod 
TITLE: Nonlinear Phenomena in a Plasma Located in a Variable Electro- 


magnetic Field 
PERIODICAL: Uspekhi fizicheskikh nauk, 1960, Vol 795 Nr 3, pp 393-428 (USSR) 


ABSTRACT: This article 4s continued from a survey published in 

"yspekhi fizicheskikh nauk", 1960, Vol 70, p 202 Paragraph 3 

deals with the nonlinear a pe occurripg in the propagation 
of radio waves in a plasma ¢ onospheré, ola corona), per- 
turbation of the principle © superposition, influence of the 
wave field on the plasma, Maxwell equationse Section 3-1 deals 
with the propagation of radio waves in a plasma in considera 
tion of nonlinearity (self-action of the radio waves)- In 
this case, the field at the plasma poundary (20 plane) is 


2 


assumed to be E, (0) cos «ty, and the wave propagation tg descrit- 


et Ca ee 


c 
The amplitude and the pelf-action factor are studied, and Vv 


Card 4/3 nodulation of waves is discussed in detail. Section 542 


APPROVED FOR RELEASE: 03/20/2001 


CIA-RDP86-00513R000617410013-8" 


"APPROVED FOR RELEASE: 03/20/2001 


STERILE 


aT 


CIA-RDP86-00513R000617410013-8 


US 3 EE UES EEE LISSA Vere’ 


Nonlinear Phenomena in a Plasma Located in 4 s/053 60/070/03/001/007 
Variable Electromagnetic Field B006/B014 


describes the influence of self-action on the propagation 

of radio waves in the jonosphere. This self-actiion depends 

on the wavelength, and is separately gtudied for short waves, 
medium waves (Table 4), and long waves. The resonance of self- 
modulation near the gyromagnetic frequency, ghich amounts %o 


(6 - g) 10° jn the ionosphere, is also investigated. The speci- 
fic features and the causes of this greatly nonlinear effect 
are discussed separately. Section 3.3 is devoted to an inves- 
tigation of the interaction between modulated radio waves 
(cross modulation). A theoretical study of cross modulation 

in an isotropic plasma is followed by an investigation of 

the influence of a constant magnetic field and of the resonance 
effects occurring near the gyromagnetic frequency Section 3.4 
describes the results of experiments on cross nodulation in 

the ionosphere (absolute cross-rodulation depth, dependence 

of the depth uo and the phase of cross modulation on the 


depth p, and the frequency S2 » dependence of uo On the intensi- 


Card 2/3 ty and frequencies of the disturbing waves, and rg, 
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resonance). In section 3.5 the authors study the nonlinear 
interaction of nonmodulated radio waves. At first, the varia- 
tions of propagation conditions for a nonmodulated wave are 
investigated, then so-called lateral waves, vic. waves with 
combined frequencies, and finally the nonlinear effects con- 
nected with the variation in electron concentration. This 
article is concluded with a few notes about future studies 
in this field. There are 11 figures, 2 tables, and 65 ref- 
erences, 21 of which are Soviet. 
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AUTHOR: Gurevich, A.V. 
Sout 

TITLE: Disturbances Produced in the Tonosphere by a Moving 

Body 
PERIODICAL: Akademiya nauk SSSR. Iskusstvennyve sputnikt 

Zemli. Now 7; Moscow, 1961, pp. LOL ~ 124 
TEXT: The particular feature of the motion of 3 body such 
as a rocket or satellite through the upper 1onasphere 15 that 
the motion takes place in a very rarefied medium. The mean 
free path of the particles in this medium is very much greater 
than the Linear dimensions of the moving body. it rellows 


that one cannot use the usual hydrodynamic methads and the 

medium cannot be leoked upon as continuous. the interaction 

of the body with the medium must be described in terms of 

the kinetic theory, taking into account the moterac Chon of the 
body with the ions and electrons in th» medium, ance the 
interaction of the bedy with the 1ons and electrons is not the : 
same, the quasi-neutrality of the piwsms ri upset ond the 

electric freld appears. The present paper obs concerned wath 
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estimates of such disturbances in the tronosphere Tne farst aN 
Section gives a calculation of the changes in the concentration . 


of neutral particles in the netghbourhood of the moving, bedy, 
the second section gives an analogons caleulation tor the 
electrons and ions. including the electric-f1eid effects, 
while the third section gives the solution of the prebiem with 
allowance for the (constant) Earth's magnetic fuaeld. It 18 
assumed throughout that the velocity of the body 15 much 
Sreater than the thermal velocity of the molecules or ions and 
much smaller than the thermal velocity of the electrons, In 
order to simplify the problem, the moving body 15 assumed to be 
spherical in form. Ie as clear that two regions can he 
distinguished, namely, the region in front of the moving body, 
where the density is increased and the region behind the body 


where the density 1s reduced, These will be referred to as 
the "front" and "rear" regions. Two cases can then be dis-~ 
tinguished, namely: 1) elastic reflection from the moving body 


and 2) diffuse reflection (equal probability of reflection ain 
all directions). Formulae are derived for the two cases and 
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Fig. 2 shows a graphical representation of these results for 
the front region. The first plot in Fig. 2 shows the situation 
for the case of elastic reflection and the second plot gives 
the results for the diffuse reflection (Ro is the radius of 


the body). These calculations are carried out on the assumption 
that the particle reached the surface of the body with a certain 
average velocity V5 which is representative of the appropriate 


« 


Maxwellian distribution. The results in Fig. 2 are given in the 
frame of reference attached to the moving body. The rear 

region differs in that the incident molecules can no Longer be 
looked upon as having a certain average velocity Mie and the 


velocity distribution must be taken into account. This dis- 
tribution is assumed to be Maxwellian. for a spherical body 
the density-distribution is shown graphically in Fige 3. 
Calculation of the ion and electron densities and of the 
electric field is said to be much more difficult. The solution 
involves the transport equations for the ions and electrons 

as well as the field equation. In the first part of this 
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section, it is assumed that all the charged particles are 
reflected from the surface of the body although even with this 
assumption the general solution is very complicated. Since the 
velocity of the body is very much smaller than the average 
thermal velocity of the electrons, the electron velocity- 
distribution can be assumed to be of the form 


nip ; — 
; a ee ( 3 aseie (14) 
ale 0) = eo (ater) exp a FF ‘ 
and hence the electron density is given by: 
4U 
Ne (9°) = Meo OXP {— ore (15) 


where y- is the electric-field potential and 
U is the energy of interaction of the particles with 


the surface of the body. 
Card 4/9 
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Consideration of the analogous protlem ror the tons has led 

to a solution which 15 allustrated graphically an Fig. te 

This figure shows the equipotential surbowes 30 the neighbourhood 
of a spherical body retiecting ali the particles rmcifent upen 


rt in the .ase where ¥ /v5 = 8 med Vales » dire 
“sy 


quantity * shown in Chis figure ta detuned by 


2 Y 
a CLO) 4 


Figo 5 shows the corresponding plot far bie case where the 
surface of the spherical body tmetal! ateorhs ait the particles 
incident upon ite The fanal se. tron rs com coned with the 
effects of the magnetic fields Tt as thoen that the magnet re 
field has little effect on the electron concenrrat 1opn and the 
electric-field petential and henwe ft dS erty ae. essary to 
consider the ion concentration CaNtebiionm arstributron as \ 
again assumed and expressions ate deterred dor thre ion. 

density change, Acknowledgment ate eNpresced te 
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Effect of a constant electric field on electron temperature in 
the ionosphere. Geomag. i aer. 1 noel 34-40 Ja-F '61, 
(MIRA 14:7) 
1. Fizicheskiy institut AN SSSR iment P.N, Lebedeva i Institut 
zemuogo magnetizma, ionosfery i rasprostraneniya radiovoln AN 
SSSR. ie td 
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LRT REE, 
AUTHOR : Gurevich, A. V. 
TITLE: Peculiarities of the behavior of multiply charged ions in 

a plasma 

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fisiki, v. 40, 


no. 6, 1961, 1825-1831 


TEXT: It is shown that, under certain conditions, multiply charged ions 
in a singly ionized plasma under the action of a constant electric field 
move opposite to the ordinary singly charged jons. ‘The motion of an ion 
with a charge eZ in a completely ionized plasma is described by the 


equation Ma¥/dt = eZE - F. - F, (1), where ¥, and a are frictional forces 


due to the presence of electrons and ions, respectively. Introducing the 
expressions for the frictional forces into Kq. (1), one odteins 


5) 2 72- ; 
Mav/dt = - e2(Z - 1) B- V9 2¥ [1 + 7/(1 + v/vn3)°) | (1a), where Yi, 


Card 1/5 


S : i 
EOE Wb (| EE BVM CI eS Ro Ae ae OF el Bata Ibe as 


APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617410013-8" 


* 


"APPR 
OVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000617410013-8 


ASee08 JRE BS PI BATH SETS ed US a PT TRC TICHE 
caceren cj : bes 3A Opis Beet Pa seod eribacts SSD EE: AEG 
iy x 4 ae % ip aa mai Seo ETH SUE UE URC RR SST EPRUE HBSS TE Bats EAR ESitibel ERE a ase Bese ase corm 
wi. % eS ites TIE 
i 

25202 
5/056/61/040/006/023/031 

Peculiarities of the behavior». B108/B209 


is the effective frequency of collisions of electrons with singly charged 
ions in @ a electric field; the parameter y, given by 

7 3, m3 \t/2 
y= (M,T2/mT jo) ’ 


in deuterium, and y~435 in hydrogen. Mo» Tio? and Ving are, respectively, 


is generally very great; GoGo» at Tso? Ty ys 60.8 


the mass, temperature, and thermal velocity of ions in the plasma. The 
solution of Eq. (1a) shows that the velocity of multiply charged ions, VY 
has two stable values in @ constant electric field in the range 


59 Say, Vpg2/ 2° Pe (-1) <E< 22/3 yay, Vp 2/30(2-1) (5). In the first 


steady state, the velocity is low and determined chiefly vy the inter- 
action with plasma ions by the force F,)- In the second steady state, 


the velocity of multiply charged ions is very high (vox vi (2 - 1)/Z) and 


mainly determined by the interaction with electrons. The energy of 
multiply charged ions in the second steady state is very high and exceeds 
the thermal energy of electrons and ions of a singly charged plasma by one 
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uy to. three orders of magnitude. The velocity of multiply charged ions: 
(with respect to a fixed observer) is equal to ¥ + ¥50 io 7 mean 
'* yelocity of singly charged ions). ¥ always goes in the direction of 
electron motion, and V,4 in the opposite direction, so that a multiply 
charged ion may move in either direction, depending on the ratio of the 


_some of the ions will be in one steady state, while others are in the - 
other steady state. The kinetic equation for the velocity-distribution | 
function f(¥,t) of ions with a charge eZ in’a completely ionized plasma 
has the form 


a LEAVE (cosngt —SnO TL) — ae oF (0) % : r 
v AT iy Of m . oa le df 
x9 (Sr rma) (ee +er) + free a ae +u/)}}—, . 
: ra 
Nel) 1 (2 (sin oh) 2 
— 5 LA aT. 3) (sind 57) == 0. o 
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Peculigrities of the behavior... B108/B209 SI 
atands for 


> ° 
Q@ denotes the angle between E and V3 v, (v) = 4ne*Nz-1nt/¥ 


t 
the frequency of collisions between multiply and singly charged ions; i 
G{x) and H(x) are functions introduced by S. CHandrasechar (Ref. 51: Revs. : 


pane ae 
Yod. Phys., 15) 17 1943): G(x) =O(x) - 2xe* /Yx, a(x) = (1 fx" 7)H(x). | 


2 z 
+e * /inx; P(x) igs the probability integral. By solving Eq. (6), the - 
author obtains the following ratio of the number of multiply charged ions. . 
in the second state to that of ions in the first state (in the case of : 
equilibrium): = © oe RES ete se 


us —eZ(Z—1) EI M gr 
N My, (0) Ge / My+ my, zu | Me dol. 12) 
aoe {=} Wp lo) GAT 1 My + Vg @ieT LM | _ 2) 
- 7 a E * a . | 
t 


The author thanks V. L. Ginzburg and M. A. Leontovich for valuable 
discussions. There.are 3 figures and 8 references: 5 Soviet-bloc and ia 
3 non-Soviet-bloc. : 
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TITLE: ee The distribution of particles in a centrally symmet~ : 

e. vic field + iw a 

SE: PERTODICAL: Geomagnetizm i aeronomiya, V« 3) no..2, 1963, 1855 0° I 
203 - Sh Pare 


TEXT: Expressions for the density and flow of particles in 
a rarefied gas subjected to a centrally symmetric £{eld of a body 
are derived and analyzed. The problem is of considerable interest 
in astrophysics and plasma physics, especially in the case of an | 
attractive field. The transport equation is solved neglecting colli- 
sions for the following cases: (L) Infinite orbits in an attracting 
field with potential U varying as 1/r2; (2) infinite orbits in an 
attracting Ficld where U varies first more slowly than L/r* and then 
more rapidly than t/r2; (3) ‘U varying first more showy than 1/r4 | 
then more rapidly, (4) Repulsioa 


‘and for Large r exactly as Lf/ves Ss , 
field U > 0. The distribution of particles with finite orbits B 
Gard 1/2 an 
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In each case the effect of absorption of the: gas. 
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